The mouse C-type retroviruses can be divided into several different host range classes. The ecotropic murine leukemia viruses (MuLVs) can infect cells of their natural host, but not cells of heterologous species. The xenotropic MuLVs cannot infect cells of laboratory mice, but can infect cells of other species such as mink, cat, or human. The amphotropic viruses and the mink cell focus-forming (MCF) or dualtropic viruses are capable of replicating in mouse cells as well as cells of unrelated species (15, 16, 28) .
Since ecotropic, amphotropic, and MCF viruses can infect laboratory mouse cells, but not Chinese hamster cells, the mouse chromosomal genes required for exogenous infection have been identified by using hamster x mouse somatic cell hybrids. Previous studies have described and mapped three distinct genes for susceptibility to ecotropic, amphotropic, and MCF viruses, respectively: Rec-J on chromosome 5, Ram-I on chromosome 8, and Rmc-J on chromosome 1 (12, 22) . Although the products of these genes have not been characterized biochemically, it is likely that they encode specific cell surface viral receptors. It is known that viruses in the three host range classes interact with different cell surface receptors on mouse cells (22, 34) , and that these virus-host interactions are mediated by subgroup-specific differences in the major envelope glycoprotein, gp7O (9, 19, 32, 37) .
Although the wild mouse-derived cell line SC-1 can be exogenously infected with xenotropic MuLVs (14) , cells from laboratory mice cannot. The basis for this restriction has not been determined. Although it may be that laboratory mice simply lack the cell surface receptors for xenotropic virus, it is also possible that such receptors are present, but unavailable to exogenous virus. Numerous endogenous sequences homologous to the xenotropic MuLV envelope are present in mouse chromosomes (18) . Although few of these genes are expressed as infectious virus, viral envelope determinants are detected in mice in the serum or as normal cell surface components. Therefore, it is possible that resistance to xenotropic MuLVs may be due to interference, since endogenous gp70s may bind to receptors and prevent penetration by exogenously introduced virus. Such a mechanism has been proposed for the restriction of ecotropic viruses by the Fv4 gene (20, 24, 43) , for the restriction of MCF viruses in DBA mice (1, 17, 38) , and in chickens for the restriction by ev-3, ev-6, and ev-9 of exogenous viruses in the same subgroup (36) .
In this report, wild mice were tested for in vitro susceptibility to exogenous xenotropic virus. Susceptible mice from two different populations were bred with resistant laboratory strains. Analysis of parental and hybrid mice for susceptibility to xenotropic virus and for endogenous xenotropic MuLV-related proviral sequences showed that virus resistance is not due to interference. Rather, susceptibility to xenotropic virus is controlled by a single dominant genetic locus on chromosome 1 which may represent an allelic variant of the MCF receptor locus. tail cells of C57BL mice (5, 6, 10, 25) . Four MCF virus isolates were used: AKR-13, CB208, Akv-J MCF, and Moloney MCF-HIX (7, 11) . Cas E no. 1 is a virus isolated from 5-iododeoxyuridine-induced embryo fibroblasts of a feral California mouse (8) . This virus has not been classified as either xenotropic or MCF, since it shares properties with both subgroups. Tissue cultures were prepared from mouse embryos or the tail biopsy tissue from 2-to 4-week-old animals (27) . Cultures were maintained for 7 to 10 days in Eagle minimum essential medium or McCoy medium with 10% fetal calf serum and antibiotics. When the cultures reached confluency, the cells were passaged and infected with virus the next day in medium containing polybrene (16 ,ug/ml; Abbot Laboratories, North Chicago, Ill.). Virus replication was scored 4 to 5 days after infection. Xenotropic virus-infected cells were lethally irradiated and overlaid with the S+L-mink line of Peebles (33) . Foci were scored 5 to 7 days later. In many cases, infected cells were cocultivated with mink lung cells for 4 days before the addition of S+L-cells to compensate for poor virus spread in the wild mouse cells. MCF virus replication in mouse cells was scored by the UV mink procedure, in which virus-infected cells were irradiated, overlaid with mink lung cells, and examined for typical MCF foci 5 to 7 days later (21) . For comparison, viruses were titrated in cultures of SC-1 cells, in mink lung cells, in embryo fibroblasts of NFS/N or BALB/c cells, or in tail cultures of C57L cells.
MATERIALS AND METHODS
Mice were typed for the major xenotropic virus induction locus, Bxv-J, as described previously (25) . Briefly, cultured tail cells were treated with 5-iododeoxyuridine and overlaid with mink lung cells 2 days later. Culture fluids were harvested 12 to 14 days later and tested for xenotropic virus by focus formation on S+L-cells.
Isozyme typing. Kidney extracts were typed for Pep-3 after electrophoresis on vertical starch gels as described by Nichols and Ruddle (31) .
DNA extraction and blot hybridization. High-molecularweight DNA was extracted from liver and digested with the restriction enzyme HindlIl (New England Biolabs, Beverly, Mass.). Restriction fragments were separated by electrophoresis in submerged horizontal 0.4% agarose gels, transferred to nitrocellulose membranes, and hybridized to the 32p-labeled probe, pXenv, as described previously (18) . This probe contains a 500-base-pair DNA segment derived from the envelope region of cloned NFS-Th-1 xenotropic proviral DNA (3). pXenv specifically hybridizes to xenotropic and MCF proviruses, but not to ecotropic proviral DNAs. Hybridization was carried out in 50% formamide and 3 x SSC (lx SSC is 0.15 M NaCl plus 0.015 M sodium citrate) for 18 h at 42°C. This was followed by four 5-min washes at room temperature and two to four 15-min washes at 50°C in 0.1 x SSC and 0.1% sodium dodecyl sulfate. After drying, the membranes were exposed to Kodak XAR film. 14 0/14 "Determined by the method of maximum likelihood (13) .
RESULTS
ceptible and resistant wild mice were cleaved with HindIll and analyzed by blot hybridization with the pXenv probe (Fig. 1) (Table 3 ).
This same region of chromosome 1 carries at least two MuLV loci important in the transmission and spread of virus: Bxv-J, the major locus for induction of endogenous X-MuLV in inbred mice (25) , and Rmc-J, the putative MCF virus cell surface receptor locus (22 Mice carrying Sxv may be useful in studies on various aspects of viral leukemogenesis. First, Sxv lies in a region of chromosome 1 that also contains a number of proviral genes and genes important in lymphoid cell differentiation. This cluster includes Bxv-J (25), several other xenotropic virusrelated sequences (2, 30, 41) , a mammary tumor viral genome (29, 39) , and a number of genes involved in lymphoid cell differentiation including Ct-i, Mls, H-25, Ly-9, Ly-17, and Ly-22 (23) . The physical relationships and functional interdependence, if any, among these genes have not been well defined and warrant further study. Second, attempts to characterize the mouse retroviral receptors have thus far been limited (26, 40) . Sxv may prove to be of use in the serological and biochemical analysis of the receptor molecule. Third, the presence of a locus that permits spread of exogenous virus may help explain the acquisition and amplification of xenotropic proviral genes during the evolution of Mus species. Studies are under way to determine if Sxv alters the in vivo spread of exogenous virus as well as virus resulting from activation of endogenous viral genes. Finally, Sxv may be useful in studies on viral leukemogenesis since it may affect the type and spread of the recombinant MCF viruses that appear in preleukemic tissues. For these reasons, Sxv is being transferred onto an inbred strain genetic background for further study.
